Background and objectives: Although acute kidney injury is common and significantly increases the risk for intensive care unit and hospital mortality, little is known about its true incidence or how it can be prevented. Furthermore, key unanswered questions remain about the optimal diagnosis and treatment of patients with acute kidney injury. An international, consensusbased, prioritized research agenda was sought to guide clinical and translational research in acute kidney injury.
R apid deterioration in kidney function in patients who become acutely ill, a syndrome known as acute kidney injury (AKI), is frighteningly common and dramatically increases the risk for intensive care unit and hospital mortality. In addition, AKI may increase the risk for chronic kidney disease and can occur outside hospital settings. The true incidence of AKI is not known.
AKI occurs in approximately 13 to 20% of hospitalized patients (1,2) and in as many as 67% of patients who are admitted to the intensive care unit (3) . AKI may occur either in patients with normal baseline function or in those with chronic kidney disease. In hospitalized patients, AKI increases the risk for death in hospital by as much as four-fold (1), and even critically ill patients, who already have a high risk for death, have nearly twice that risk when they develop AKI (3) . In addition to the massive burden that AKI places on patients and the health care system, it has become apparent that little is known about the syndrome and that further research is urgently needed. Furthermore, AKI is an international problem and one that, by its very nature, requires multidisciplinary input. An organized and integrated approach is needed.
Although medical research traditionally has been organized along geopolitical and departmental lines, researchers and funding agencies are increasingly aware that the traditional divisions within medical research may in fact impede the pace of scientific discovery (4). Many funding agencies, including the National Institutes of Health (NIH), encourage the conduct of interdisciplinary research and have sought to reengineer the clinical research enterprise along multidisciplinary lines; however, research is expensive, and funding is limited. Acting on this need for collaborative and integrated approaches to AKI, the Acute Kidney Injury Network (AKIN) was established in Amsterdam in September 2005. The proposal to generate an international, multidisciplinary research network had been stimulated by the existence of other groups, such as the Acute Dialysis Quality Initiative (ADQI). AKIN activities were endorsed by all 18 of the world's leading professional societies in adult and pediatric nephrology and critical care (5); however, the development of a robust research agenda that fulfills the needs of a broad scientific and clinical community requires careful attention to regional differences in health care delivery and disease frequencies. Thus, AKIN established an international collaboration of various stakeholder groups. Because the ultimate goal of the clinical research agenda is to generate evidence that will improve care, we chose to ensure the quality of the research agenda using criteria developed to assess quality of clinical practice guidelines (Appraisal of Guidelines Research and Evaluation [AGREE] collaboration) (6) . Our aim was to achieve an international, consensus-based, prioritized research agenda that will serve to guide clinical and translational research in AKI.
Materials and Methods
We assembled a multidisciplinary stakeholder committee that comprised representation from the 18 leading international professional societies of critical care and nephrology; a complete list of the participating societies is listed in Table 1 . The committee included adult medicine and pediatrics, as well as representatives from basic science, translational and clinical research, policy development, and the NIH. We convened a series of organization meetings with members representing the major stakeholders and developed a program for the workshop. Participants were selected to represent the spectrum of international AKI experts and societies interested in AKI. We contacted each society individually and requested that they select delegates to send to a 3-d conference, held in Vancouver, British Columbia, Canada. Each society was required to finance the travel and accommodations for their delegates. Societies were not asked to review results of the research prioritization procedure. Additional members of the committee were then selected on the basis of expertise in specific areas not otherwise represented by the society delegates and to provide overall balance among disciplines, research expertise, and international representation. These additional members were invited to attend at their own expense, although limited travel stipends were available on a case-by-case basis.
An overall research agenda was developed by the committee as an iterative process using a three-step modified Delphi procedure. This procedure consisted of a literature review phase, focus group interactions with presentations to the entire committee, and a ranking phase.
Focus Group Selection and Composition
Preceding the conference, we organized the committee membership into six focus groups (Table 2) , two in each of the following three domains: Epidemiology, early evaluation and management, and renal replacement therapy (RRT). Domains were chosen by consensus with formal feedback provided over a series of conference calls with the chairs and executive committee of the conference. Once the topics for the focus groups were determined, we assigned each of the committee members to one of the six focus groups on the basis of expertise. Efforts were made to maintain balance among various stakeholder groups within each focus group. Two co-chairs were nominated to lead each focus group, and a facilitator with experience in consensus conferences and clinical practice guideline development was assigned to each domain (i.e., two focus groups).
Literature Review and Synthesis
Before the conference, each of the co-chairs organized a systematic review of the literature that pertained to their focus group. Literature summaries will be published separately for each workgroup. Search strategies with search terms for each focus group are provided in Appendix 1. The purpose of the review was to identify key unanswered questions. A secure internet Web site was setup with FTP capability; 
Focus Group Activities and Presentations
In September 2006, we held a 3-d conference in Vancouver, British Columbia, Canada. The conference began with a series of brief presentations covering each of the three domains, presented by one of the co-chairs. At that time, questions from each of the six focus groups were presented to the entire committee. Feedback was provided, and during the subsequent 2 d, questions were refined by focus groups using published methods (7) . The three facilitators provided input to improve quality of each research question using criteria developed by the AGREE collaboration (6) .
Prioritization of Research Questions
Once each focus group had developed a set of research questions with input from the entire committee, the final step in the Delphi process was to survey individually each of the members to determine the priority for each research question. This was done in real time at the conference. Prioritization was accomplished by asking each member to assign a value of 1 (highest priority) to 10 (lowest priority) to each of the research questions.
Analysis and Definitions
Priority ranking was determined by calculating the mean score for each question and then ordering the list from highest to lowest priority. Because bias may be introduced because different raters could use only part of the absolute range, we also analyzed the individual scores after normalizing by the mean of scores for each rater. Next we compared priorities across different major stakeholder groups. We compared results from experts in nephrology with those from critical care. We also compared responses from North America with those from Europe, Asia, and South America. For purposes of analysis, we defined nephrologists and intensivist according to their main practice even when they were dual-boarded. We compared overall priority rankings across stakeholder groups using ANOVA, with individual pair-wise comparisons using Student-Newman-Keuls test. Rank correlation was determined using the Spearman coefficient. We considered a P Ͻ 0.05 as significant.
Results
Forty-six participants accepted invitations to attend the conference; three members could not attend because of unexpected schedule conflicts, and three additional members had to leave before the final prioritization exercise. This left 40 members who participated in the entire Delphi process. Steps 1 and 2 yielded a total of 20 research questions across all six focus groups ( Table 3 ). The results of step 3, prioritization exercise, are also shown in Table 3 and are shown by the overall committee and separately by critical care and nephrology. Results were not statistically different between the raw scores and weighted scores, and the rankings that they produced were identical for the top 15 questions. Thus, additional analysis was performed using the raw scores only.
Differences across Major Stakeholder Groups
Although the overall scores generated from nephrologists and intensivists were not statistically different (ANOVA), some differences in prioritization were seen (Table 3) ; however rankings from nephrologists and intensivist were highly correlated (r 2 ϭ 0.5, P ϭ 0.0022). Individual scores for each question are shown in Figure 1 . Pair-wise comparisons of scores for individual questions showed that only two questions received statistically different scores from nephrologists versus intensivists. The question, "When should RRT be withheld?" received a much lower raw score (6.21) from intensivists compared with nephrologists (4.29; P ϭ 0.02); however, overall ranking was similar: 20th versus 17th. The question, "What dosage of RRT is required to maximize patient and renal survival?" received a mean score of 1.93 from intensivists but only a 3.25 from nephrologists (P ϭ 0.04). This difference resulted in a considerable disparity in rankings: Second versus 10th.
Only four pediatric specialists (three nephrologists and one intensivist) completed the entire exercise (three were from North America). There was significant variation in ratings within this group; however, the top-ranked question received very consistent ratings. Among the pediatricians, the question, "What dosage of RRT is required to maximize patient and renal survival?" was ranked first (mean score 1.5). The question, "How should RRT be dosed for different clinical situations?" was ranked third (mean score 2.3) among pediatricians although ranking only 11th overall.
Differences among Geographic Regions
The stakeholder groups included members from 15 countries. Nine of the members came from developing countries in Asia and South America. Ratings from these members were different from those obtained from members from developed countries (P ϭ 0.03), and the resultant rankings were considerably different (Table 4) ; however the priority rankings from developed 
Discussion
Several studies have now demonstrated that AKI is a common and frequently lethal complication of critical illness (1-3); however, the incidence of AKI in various populations is unknown, and numerous unanswered questions arise regarding diagnosis, evaluation, and early management and RRT for this syn- drome. We assembled an international, multidisciplinary stakeholder group for the purpose of developing and prioritizing a research agenda for AKI. Our results indicate that top priorities for research in AKI involve the broad topics of epidemiology and RRT. Indeed, timing of initiation of RRT was consistently at or near the top of priorities for all stakeholder groups. This is perhaps not surprising given that there is no consensus on the indications for RRT in AKI. Like other aspects of RRT, the indications have generally been extrapolated from the endstage kidney disease experience. These indications have generally included refractory hyperkalemia, fluid overload that does not respond to diuretic therapy, severe persistent metabolic acidosis, and overt uremic symptoms (e.g., pericardial effusion, encephalopathy). Although there is little dispute regarding the necessity of RRT for these indications, there is no consensus on the degree of azotemia or on the duration of AKI that warrants initiation of therapy in the absence of these "absolute" indications. Many clinicians believe that waiting for "conventional" indications for initiation of RRT in patients with acute renal failure may be inappropriate and that the earlier RRT is provided, the better the outcome will be; however, many patients with AKI recover renal function without requiring any RRT. Early initiation therefore poses the risk of initiating therapy in patients who might never require RRT using a more conservative approach (8, 9) . Only a few clinical studies have tried to evaluate the effect of timing of initiation of RRT on clinical outcomes in AKI and have provided conflicting results (10, 11) . Thus, prospective studies to evaluate optimal timing of RRT for AKI are urgently needed. Both similarities and differences in results from various stakeholder groups are notable. First, results from nephrology and critical care were virtually identical. The only differences were in questions of withholding RRT, in which intensivists had less interest, and in the dosage of RRT. Whereas intensivists still considered this question second on their priority list, nephrologists rated it only 10th. Awareness of ongoing clinical trials in this area was apparently not a factor, because both groups were equally aware. Neither intensivists nor nephrologists considered the question of RRT modality to be of high priority (13th and 20th, respectively). This is interesting given that it has been the subject of multiple clinical trials, including one recent trial (12) , and the issue remains unsettled (13) .
Surprising, results from developing countries correlated with those from developed countries, whereas larger differences were seen between individual regions. Table 4 shows comparisons of the top three priorities by region and the corresponding rank in other regions. Although timing of RRT was consistently a top priority, other research questions were less universally accepted. For example, the question, "What is the best measure to assess whether AKI is volume responsive?" was rated highly in the Americas but in the lower half of priorities in Europe and Asia. Similarly evaluation of biomarkers was at the top of the priority list for Europe but only seventh in North America and 13th in Asia. Establishing the incidence of AKI was first in Asia and South America but was seventh and 12th in Europe and North America, respectively. These variations may reflect fundamental differences in the way health care is provided or in the spectrum of diseases seen in each region.
Our committee had only small representation from pediatrics, mostly from North America; however, our results suggest that challenges that clinicians who deal with pediatric AKI face may be different from those seen in adult patients. In particular, the question of how RRT should be dosed in different clinical situations seems much more germane to pediatric AKI (third versus 11th overall). The need for representation from pediatrics in establishing a universal research agenda cannot be overstressed.
This process and report have important limitations. At this stage, we have not involved nonphysician stakeholders, including patients, nurses, and other allied health professionals. We have not yet included other physician groups with an interest in AKI either (e.g., radiologists, cardiologists, surgeons). Hospital administrators and insurance providers are also relevant stakeholders, and funding agencies outside of the US-based NIH would also be appropriate to include. We intend to include these groups in the future; however, our current focus is on clinicians and investigators who have a primary interest in the care of patients with AKI. We recognize important limitations to our methods. Although we had representation from 15 countries, there may be at the local level important differences to which our sampling was not sensitive. Furthermore, although experts and society delegates came from different countries, they clearly cannot speak for those countries. Although we had participation of 43 experts, we do not suggest that these members speak for the entire clinical and scientific community with respect to AKI; however, our approach in assembling a nominal group to develop a research agenda has been used by others and found to result in recommendations consistent with the larger community (14) . In AKI, a similar approach has also been used by ADQI to produce clinical practice and research recommendations that have been widely adopted (15, 16) . Fi- Figure 1 . Histograms showing raw scores (1 ϭ highest, 10 ϭ lowest) for priority for each of the 20 research questions (see Table 3 ). Shown are raw scores for all members together (f) and for nephrology (Ⅺ) and critical care medicine (CCM; u) separately. Questions 7 and 19 were significantly different comparing nephrologists with intensivists (P Ͻ 0.05).
nally, our approach included only quality assessment as a guide to question development, and we did not attempt to evaluate quality of the final product. This was a pragmatic decision given that no validated methods of quality assessments for research agenda are available.
Our approach to this complex area also has many strengths. First, by including all of the major international societies that represent critical care and nephrology, we were assured a broad range of views. To our knowledge, this is first time in history that such a conference has taken place. Second, by including stakeholders that represent different disciplines, research fields, countries, and heath care systems, we were able to compare views between stakeholder groups. Finally, by prioritizing our research agenda, we can provide recommendations as to research direction in AKI.
Conclusions
AKIN has developed a research agenda using an international, multidisciplinary three-step modified Delphi process. We have produced recommendations that are highly consistent across different stakeholder groups and between developed and developing countries. Top research priorities in AKI include determining optimal timing of RRT and improving our understanding of the epidemiology of AKI around the world. We hope that these recommendations will prove valuable in guiding future clinical and translational research in this area.
Appendix 1: Literature Search Strategy
The databases Medline (1966 through August 2006 , EMBASE (1980 through 2006 , week 36), CINAHL (1982 through August 2006 , and PubMed were systematically searched. Articles in any language were considered. Four comprehensive search themes were used with individual searches under each group combined using the Boolean operator "OR." The Boolean searches were performed by using the following medical subject headings (MeSH) and text word searches: What is the best measure to assess whether AKI is volume-responsive? 2 1 4 1 2 3 7 a Combines data from developing countries in Asia and South America.
